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(57) Abstract: A pathway -based method, apparatus and system for tracking, sensing and communicating with an object, such as 
a carriage or vehicle moving on a pathway. The system includes a transmitter winding along the pathway that is energized by a 
transmitter and one or more sensing windings in which a signal is induced. The vehicle contains a transducer that creates a position- 
indicating coupling of the transmitted signal into the sensing windings. The transducer may be a passive ferromagnetic or conductive 
body that locally alters coupling between the windings, or a tuned coil carried on the vehicle that couples energy received from die 
transmitter into a sensing winding. Absolute position may be established at regular intervals using a discrete position sensor, such 
as a Hall Effect magnetic field sensor, and the signal derived from the sensing windings can be monitored, by counting cycles or 
determining phase, to determine a precise vehicle position. With one sensing winding it is possible to determine distance to about 1/8 
of a wavelength and by using two or more phased sensing windings a wayside controller determines the position within a wavelength 
to a smaller fraction of a wavelength. The position sensing can be accomplished without any source of power on the vehicle, and may 
extract power from the transducer or position sensing system to drive an electronic communication unit on the vehicle. Modulation 
of the position sense signal can be used to provide two-way communication between the vehicle and the wayside controller. A typical 
application is to transmit a vehicle identification number to a controller, or for the controller to activate a mechanism on the vehicle. 
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This invention is related to United States Patent No. 6,01 1,508, issued January 4, 
2000, and assigned to the assignee hereof, the teachings of which are incorporated by 
reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

The invention pertains to vehicular transport and, more particularly, to methods 
and apparatus for sensing the position of, and communicating with, vehicles or carriages 
on a pathway. The invention has application, by way of non- limiting example, in track- or 
guideway-operated vehicular systems, in warehouse or manufacturing line carriage 
systems, and in highway vehicular systems. Among the notable features of the invention 
is the passive nature of the position sensing system, which permits determination of a 
vehicle's position (e.g., by a wayside station) without requiring a source of power on the 
vehicle itself. 

The prior art proposes a number of methods for determining vehicle position. For 
example, United States Patent 6,005,51 1, for a highway vehicle guidance system, issued 
December 21, 1999, suggests using radar signals to interact with stripes in the highway; 
see also, United States Patent 6,008,552, issued December 28, 1999, and United States 
Patent 6,034,499, issued March 7, 2000. 

Such prior art systems require a battery, generator or other power source on the 
vehicle, e.g., to support the on-board generation of signals that directly or indirectly 
indicate its position and that are transmitted to a wayside station, to another vehicle, or 
the like, for interpretation. While on-board power is available in many cases, it is often 
not This is particularly true, by way of non- limiting example, with smaller vehicles such 
as are used for material handling systems and for thrill rides. 

Regardless of whether such vehicles have a convenient source of onboard power, 
there are typically stringent demands for sensing their positions precisely. In some cases, 
vehicles operating with headways of one second or less have been proposed. Without 
accurate, up-to-date position information, safe operation can be jeopardized. 
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A variety of methods have been used in the prior art to enable communication 
between a vehicle and the wayside. Most of these involve the use of wireless radio 
communications. One disadvantage of such schemes is signal degradation from 
intervening structures such as buildings and tunnel walls. Another disadvantage is their 
requirement for on- board energy, which may be unavailable in unpowered vehicles. 

A common use of vehicle-to- wayside communications is the transmission of 
vehicle identifications, typically, vehicle ID numbers. The prior art has proposed some 
options for this which do not require on-board electronics or on-board power. These 
typically call for labeling the vehicles with bar codes, or die like, and detecting those 
codes with readers disposed at wayside. Unfortunately, such solutions are expensive and 
subject to improper operation, e.g., due to accumulation of dirt or other environmental 
factors. While less expensive solutions have been proposed, they still often fall victim to 
environmental factors. 

In view of the foregoing, an object of the invention is to provide improved 
methods and apparatus for pathway-based position sensing and communication. 

Another object of the invention is to provide such methods and apparatus as can 
be applied to sensing the positions of, and communicating with, vehicles operated on or 
in conjunction with a pathway. 

Yet another object of the invention is to provide such methods and apparatus as 
can be applied to all types of vehicles, regardless of whether they travel over rail, road or 
other mediums. 

Yet still another object of the invention is to provide such methods and apparatus 
as permit vehicle detection and communication, e.g., regardless of whether the vehicle is 
underground or otherwise obscured from contact with a ground station antenna or 
satellite. 
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SUMMARY OF THE INVENTION 

The foregoing are among the objects attained by the invention, aspects of which 
provide a position sensing system that generates a vehicle position signal in one or more 
sensing windings, e.g., for detection by a wayside controller. The system is advantageous 
in that it requires no power source on board the vehicle, i.e., the vehicle can be "passive. " 

According to one aspect, a system according to the invention includes a flux or 
field source and one or more sensing windings disposed along a pathway. A transducer 
(or other coupling element) is configured to couple energy from the source to the sensing 
winding(s) to induce therein a signal that varies with the position of the coupling element 
along the pathway. 

The pathway can be a highway, railway, guideway of a linear motor system, or 
any other vehicle or carriage way. The flux source may be provided by one or more 
transmission windings that are disposed along that way. Such transmission windings, 
which can be actively powered in order to provide local magnetic field flux, are 
preferably disposed with respect to the sensing windings such that little or no net signal is 
coupled between them, e.g., except in the proximity of the coupling element 

According to further aspects of the invention, the coupling element is carried on a 
vehicle, carriage or other object whose position along the pathway is to be determined. 
The coupling element can be a passive structure, such as a simple body of ferromagnetic 
material, of conductive material, or of a combination of both. It may also comprise one or 
more receiver loops that are tuned, e.g., with a capacitor or other element, to resonate at a 
frequency of a signal generated by the transmission winding or other flux source. 

According to related aspects of the invention, the sensing windings have a spatial 
configuration that localizes or varies their reception characteristics vis- vis energy 
coupled from the transmission winding(s). As a consequence, the form of the position 
signal generated in a sensing winding varies in dependence upon where the transducer or 
other coupling element is positioned 
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In related aspects, the invention provides systems as described above in which one 
or more sensing windings are arranged as a series of loops of alternating sense. 
Movement of the coupling element over the loops induces position signals with envelopes 
that vary with position and that have periodic nulls or dips. 

Still further related aspects of the invention call for use of a transmission winding 
with loops that are disposed at a period that is a multiple or sub-multiple of the period of 
the sensing loops. Alternatively, or in addition, the transducer can have a width (or other 
dimension) in the direction of the pathway that is a multiple or submultiple of the 
transmission winding loop and/or sensing winding loop periods. 

Thus, by way of non- limiting example, the period of the transmitter loops may be 
twice that of the sensing loops, and so forth. This can be effective to provide an induced 
position signal envelope with well defined nulls or dips and, otherwise, with a definite 
envelope form as the transducer moves along the pathway . Preferably, two offset 
sensing windings are employed to provide phased signals that may be combined for 
enhanced position resolution. 

An advantage of a system according to the aforementioned aspects of the 
invention is that it can eliminate the need for powered electronics on-board the vehicle, 
carriage or other object whose position is being determined. 

In cases where on-board electronics may be required, power can be derived from 
the signal in the transmission winding without the need for a permanent storage unit (e.g., 
battery) or other power source. To this end, further aspects of the invention call for 
systems as described above in which a tuned receiver loop is utilized as a coupling 
element to inductively transfer power to the. vehicle. 

According to related aspects of the invention, circuitry is provided for effecting 
communications to/from the vehicle on the pathway. For example, a receiver loop as 
described above can be utilized to receive a command signal sent to a vehicle on the 
pathway by the wayside controller. Such a loop can also be utilized to send information. 
By way of example, the coupling effect of the tuned receiver loop can be varied (e.g., by 
lowering the Q of the tuned circuit) to encode a communication signal "on top or the 
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position signal in the sensing windings. This aspect of the invention can be utilized by a 
vehicle in order to send its identification number, or ID, to a wayside controller. The 
allows one-way or two-way communications without requiring a battery or other power 
source on the vehicle. 

Still further aspects of the invention provide systems as described above in which 
the transmission and sensing windings are disposed among stator motor windings of a 
linear motor. Advantageously, the period the transmission and sensing winding loops, 
and the width of the transducer, can be selected to avoid interference from the stator 
motor windings and to couple clear signals. 

The foregoing and other aspects of the invention are evident in the drawings and 
in the description that follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the invention may be attained by reference to 
the description below, taken together with illustrative drawings showing details of 
construction for representative embodiments, in which: 

FIG. 1 depicts one winding structure for a passively coupled position-sensing 
system of the invention; 

FIG. 2 depicts magnetic field coupling for various transducer positions alon g the 
winding structure of FIG 1; 

FIG. 3 shows experimentally determined coupling functions for a passively 
coupled system like that of FIG. 1; 

FIG. 4 shows another embodiment of a passively coupled position-sensing 
winding structure; 

FIG. 5 shows a third embodiment of a passively coupled position-sensing winding 
structure. 

FIG. 6 shows an embodiment in which tuned circuits on the vehicle resonate at 
the frequency of the transmitted signal and thereby cause distance dependent coupling for 
position sensing; 

FIG. 7 shows power extraction from the transmitted signal via a tuned circuit 
transducer to power on-board electronics; 

FIG. 8 illustrates vehicle modulation of the Q of the tuned circuit to modulate the 
sensed signal, thus, allowing transmission of data from the vehicle to a wayside 
controller, 
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FIG, 9 depicts a printed circuit board implementation of the tuned circuit of Fig. 
6, especially useful for linear synchronous motor applications, wherein the tuned circuits 
are constructed using printed circuit board technology with holes placed so that the board 
fits oyer an array of permanent magnets used as field excitation for a linear synchronous 
5 motor on the vehicle; and 

FIG. 10 depicts a printed circuit board implementation for symmetric mounting 
with an array of permanent magnets used as for field excitation for a linear synchronous 
motor on the vehicle. 

10 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
Theory of Operation 

5 

Applicant's invention employs a wayside sensing winding or windings, and a 
passive or not-actively-powered vehicle transducer to couple a signal into the sensing 
winding for indicating position. The theory of operation will be initially described based 
upon a transducer which simply acts as a coupling element C (Figure 2), composed of a 
10 ferromagnetic material, and an illustrated implementation employing a transmitter 

winding Tx, two sensing windings D,Q (Figure 1), and a ferromagnetic backing F (Figure 
2), in addition to the transducer. The ferromagnetic backing increases the signal 
strength, but is not essential to operation. Other implementations are possible, and are 
described in following sections. 

15 

Figure 1 shows a top view of a winding architecture composed of three windings. 
The three windings are situated coincidentally on top of one another, for example, in a 
thin belt- like band or strip, or positioned in shallow meandering grooves or channels, 
although the windings are separated in the figure for illustrative purposes to better show 

20 the structure of each separate winding. As shown, the windings includes a series of loops, 
and, as shown schematically by the current arrows on the first two loops of winding Q, a 
signal flowing in the winding follows alternating clockwise and counterclockwise current 
paths in successive loops. In cases where the position sensing is used with a linear motor, 
the active transmitter winding is designed with a pole pitch double that of the motor so as 

25 to minimize coupling to the motor field. In other cases the winding pitch is chosen 
according to the resolution desired and the gap between the vehicle structure and the 
pathway windings. The sensing windings are illustrated with a pole pitch double the 
pitch of the transmitter winding, or four times the pole pitch of the linear motor, if it 
exists. Thus, there is very little coupling between the motor field and either the 

30 transmitter winding or the sensor windings. 

The active or transmitter winding Tx is driven with a sinusoidal carrier. Figure 2 
shows a longitudinal cross-section in a vertical plane along the middle of the windings in 
Figure 1, along with a simplified illustration of the magnetic fields generated by the loops 
35 of the active winding. With the transducer C is absent, as shown in the first panel of 
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Figure 2, there is virtually no coupling of the carrier between the transmitter winding and 
the sensing windings due to the relationship between the pole pitches of the two types of 
windings. This fact is illustrated as Case A in the Figure. 

When the transducer is present, as shown in Case the coupling between the 
active winding and the sensing windings is changed. It is desirable for the length of the 
transducer to be approximately the length of the sensing winding pole pitch, in order to 
both reduce noise coupling from the motor as well as achieve the desired coupling 
function between the transmitter and sensing windings. The transducer provides a low 
reluctance path for the flux to follow, increasing the magnitude of the fields in the 
proximity of the block (as well as changing the shape of the fields). As shown, the block 
lies directly over sensing winding Q and couples no net flux into sensing winding Q, 
while it lies partly over each of two different loops of opposite orientation (or sense) in 
sensing winding D. The coupled flux therefore induces additive signals in that winding, 
coupling a net signal in the region of increased flux into sensing winding D. This 
corresponds to an electrical position of zero degrees. 

Case C illustrates the instance where there is a positive net coupling into both of 
the sensing windings. This example corresponds to a motor position of 180 degrees and a 
location of 45 degrees in the positioning system. Case D of Figure 2 illustrates the 
instance where there is a positive net coupling into Sensing winding Q, and no net 
coupling into Sensing winding D. This example corresponds to a motor position of 360 
degrees (or 0 degrees) and a location of 90 degrees in the positioning system. 

Thus, the net effect of the transducer is to provide a coupling between the 
transmitter winding and sensing windings, which varies with the position of the 
transducer. A set of test windings has been placed on a slotted motor in the laboratory, 
and the theory tested. The windings were connected to the electronics, and successful 
positioning was achieved The coupling function for the two phases is shown in Figure 3. 
The coupling functions show a spatial variation that is approximately sinusoidal, but 
slightly more triangular in shape. More sinusoidal coupling functions may be achieved by 
modifying the shape of the transducer or the winding for a slotless embodiment 
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Other Embodiments 

The configuration described so far has utilized a ferromagnetic transducer on one 
side. Alternately, a transducer may straddle the windings, resulting in much the same 
5 coupling function between windings. For example, the transducer may comprise a U- 
shaped element that rides above and below and/or along the transverse sides of the 
windings. 

The position- sensing system of this invention achieves a signal coupling between 
10 the transmitter winding and the sensing windings that varies with the position of a 

vehicle. This coupling variation may also be achieved by utilizing a conductive plate as 
the transducer, approximately the length of the sensing winding pole pitch. Rather than 
increasing the field in the proximity of the transducer, the conductive plate bucks out a 
field in its proximity, changing the coupling between the transmitter winding and die 
15 sensing windings. In a linear motor system , the installation of such a plate underneath the 
propulsion magnet array on the carriage will accomplish a further, secondary purpose of 
protecting the magnets. The effect of such a conductive plate is not as strong as that of the 
ferromagnetic transducer, and is thus considered to be a less desirable implementation. 
However, a combination of the ferromagnetic transducer and conductive bucking plate 
20 may prove to be quite useful. 

Several other configurations are contemplated. Rather than two sensing windings, 
the system may be implemented in configurations with a single sensing winding, or three 
or more sense phases. Also, a configuration with multiple transmit windings (each with a 
25 different frequency) and either a single or multiple sensing windings is within the scope 
of the invention. 

Figure 4 illustrates another winding structure of the invention to implement a 
passive position signaling system. The active or transmitter winding in this illustration is 
30 a very wide figure-eight coil. The sensing windings are each placed inside a respective 
one of the two loops of the active winding. A suitable transducer for this system would be 
as wide as the active winding and have a length substantially equal to one pole pitch of 
the sensing windings. One advantage of such a structure is that a pole pitch half as long as 
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that of the embodiment of Figure 1 may be used However, a disadvantage of this 
structure is that there are larger radiated emissions from the transmitter. 

A different winding structure is shown in Figure 5. In this approach, the winding 
pole pitch is double the pole pitch of the motor in order to achieve rejection of motor 
signals. There are two active transmitter windings, each excited with a signal of a 
different, but related, frequency. The frequencies are chosen such that an interval 
common to both may be used for integration, while the demodulation or processing of the 
signal from each coil rejects the frequency induced by the other transmitter winding. 
Thus, the 'D' transmitter frequency is rejected in the *Q* receiver, and vice versa. This 
rejection is necessary since some signal from the 'D' transmitter is coupled into the 'Q' 
sensing winding. Note that it is also possible to subtract out the 'D' frequency signal from 
the winding 'Q' signal before demodulation to gain additional rejection. 

An Embodiment Using Tuned Circuits 

The invention also contemplates a system that operates to effect communication 
with a passive source of power on the vehicle. Communication may require only a few 
milliwatts, but it is desirable to not depend upon batteries, solar cells or other potentially 
unreliable sources. One embodiment of such a system of the present invention transfers 
power is via inductive coupling using a pathway winding structure somewhat similar or 
related to those described above. However, the passive transducer structures described 
above are replaced with one, or a sequence of, tuned circuits. These circuits not only 
provide the position sensitive coupling between transmitter and sensor windings, but they 
also provide a net source of power for activating low power inductive communication as 
described further below in connection with Figure 8. 

Figure 6 shows one implementation of a tuned loop transducer structure 25 
including a plurality of spaced-apart tuned circuits on the vehicle. In practice transducer 
assembly 25 may include any number of coils, but only two, coils 20, 21 are shown. Each 
coil may consist of multiple turns, but for simplicity they are shown as two-turn coils, and 
each coil is connected in series with a tuning capacitor, Ctune that causes resonant 
behavior at the frequency of the transmitted signal. As in the embodiment of Figure 1, 
two sensing windings, spatially offset from one another, with loops of alternating polarity 
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run along the pathway, so that as the coils pass over the sensing windings, position 
signals are developed in the sensing winding. In some positions power is coupled into the 
tuned coil circuits 20, 21 and then back out to the sensor winding D but not into winding 
Q. In other positions there is no net coupling to D but a net signal is coupled into 
5 winding Q. Operation is then very similar to the embodiments described above in which 
a ferromagnetic block is used as the transducer on the vehicle. 

Using a Tuned Transducer to Develop Power for On-Board Use 

With the tuned circuit position transducer, the invention further contemplates 
10 systems extracting some power from the tuned circuit via a rectifier and filter, which may 
also be incorporated in a single transducer body 25' carrying the coil circuits. Figure 7 
shows an embodiment 25'of this aspect of the invention, with two tuned circuits 
consisting of coils 20, 21 (others may also be present) and capacitors Ctune. Each tuned 
circuit is connected to a conventional voltage-doubling rectifier arrangement Dl, D2, and 
15 the outputs of the rectifier arrangements are connected in parallel. Other forms of rectifier 
circuit may be used, but the use of a voltage multiplier type rectifier or a charge pump 
circuit produces a substantial DC voltage to drive on-board electronics without requiring 
an excessive number of turns in the tuned circuit coils. The extraction of power in this 
manner will lower the Q of the tuned circuit, but not enough to adversely affect the 
20 operation of the position sensing system. 

Communication of Vehicle Identification Numbers 

The invention contemplates another method of communication using on-board 
25 power that can be delivered via the tuned circuit transducers. In this case a simple 

electronic circuit can be used to repeatedly send a binary coded number. Figure 8 shows 
one implementation of this aspect of the invention. A conventional finite state machine, 
driven by an oscillator, alternately opens and closes a switch S m in a manner that signifies 
the ID number. The switch and finite state machine may be readily implemented, for 
30 example with a small gate array and oscillator. The switch S m connects a resistor R in 
parallel with the tuned circuit or, in alternative embodiments, a portion of the tuned 
circuit This resistor R lowers the Q of the tuned circuit, reducing the coupling to the 
pathway sensing windings. By opening and closing the switch in a prescribed pattern a 
digital signal is carried as a modulation on the signal received in the sensing winding. 
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Only about 5% percent modulation is required to generate a communication signal that 
can be dependably detected in the sensing winding by a wayside communication 
controller and converted to a vehicle ID. 

5 Alternatively or in addition to the foregoing, commands and/or other information 

signals, e.g., sent by a wayside station over the transmission windings, may be 
inductively received by a coil on the vehicle. Such a signal may be demodulated, 
amplified, processed or otherwise applied in the conventional manner, e.g., using 
circuitry (not shown) that is, however, powered by the transducer circuitry of Figure 7. 

10 

Integration Of The Position Sensing System With A Linear Motor 

An important application for this invention is for position sensing of a vehicle that 
is powered by a linear motor. It has been pointed out above that suitable loop dimension 

15 or other measures can minimize cross coupling from the motor circuits to the position 
sensing circuits. In embodiments for linear motor systems, it is also helpful to be able to 
physically integrate the transducer into the vehicle magnet structure and to integrate the 
transmitter and sensor windings into the stator motor windings. Figure 9 shows one 
transducer structure 35 that achieves the first objective. Transducer coils 20 and 21 are 

20 constructed on printed circuit board 30 that also holds the tuning capacitors C^. Holes 
3 1 are punched in the circuit board 30 and holes are punched in the board so that it can be 
placed over the permanent magnet poles which reside on the vehicle for its linear motor 
drive system. If communication electronics are to be used, they can also be constructed 
on the same printed circuit board. The transmitter and sensing windings are then wound 

25 in slots in the motor primaiy and on top of the propulsion winding, so that their position 
is precisely laid out with respect to the propulsion winding. The net effect is to create an 
inexpensive position sensing system that is precisely aligned to the linear motor. 

The example shown in Figure 9 is for a linear synchronous motor, but the 
30 invention contemplates a similar structure to work with a linear induction motor. 

Figure 10 shows a modification of the embodiment of Figure 9 for a vehicle that 
is symmetric. This is especially useful for a vehicles such as robotic work piece carrier 
that may be reversed end-to-end to travel in either direction along a pathway. In this 
35 symmetric embodiment, the two resonant coils 20, 21 are each of a size to cover three out 
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of four successive poles of the motor field array (or covering one-and-one-half out of two 
successive sense loops, since the pole pitch ratio of the sensor to the motor is 2:1). This 
method is not as efficient as the one shown in Figure 8, but it has the virtue that the 
position signal registration remains the same when the symmetric vehicle is turned end 
for end. This may be desirable in some applications such as for pathway mounted 
vehicles that are bi-directional. 

The foregoing description and drawings describe a number of system 
configurations wherein windings, transmitters, transducers, sensors and techniques for 
use thereof permit the pathway sensing of, tracking of, and communication with objects, 
such as carriages and vehicles. It will be appreciated that these may be employed in a 
range of applications, including automated material handling, thrill ride vehicles, and 
vehicles used for transporting people and freight 

It will also be appreciated that the illustrated embodiments are discussed herein by 
way of example and that, the invention being thus disclosed, other embodiments adapting 
systems of the prior art or modifying the disclosed embodiments will be readily 
understood or adapted by those skilled in the art, and all such adaptations and 
modifications fall within the scope of the invention. 

Thus, for example, windings, transmitters, transducers and sensors may be 
constructed from materials and in configurations other than those shown above. 
Moreover, those components may be used (and their signals interpreted) using logic, 
analog circuits, processing or techniques other than the specific ones shown in die 
drawings and recited in the accompanying text Still further, as used throughout this 
application the term transducer refers to transducers, tuned circuits, and other coupling 
elements (preferably passive) that serve to transfer energy from the flux (or field) source 
into the sensing windings in the manner described above. 

By way of still further non- limiting example, whereas the position-sensing and 
communications signals are described above as periodic, or induced in spatially periodic 
windings, those skilled in the art will appreciate that they maybe quasi-periodic, as well, 
or even have progressive or simply pre-defined lengths. 
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Yet still further, the systems described herein can be utilized in connection with 
linear motor and other transport systems of the types described in applicant's 
aforementioned incoiporated-by-reference United States Patent 


In view thereof, what we claim is: 
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1 . A system for determining position along a pathway, the system comprising 
a flux source, 

at least a first sensing winding comprising a plurality of inductive loops of 
alternating sense disposed along the pathway, and 

a coupling element configured to couple energy from the flux source to the first 
sensing winding to induce therein a position signal that varies with a position of 
the coupling element along the pathway. 

2. A system according to claim 1, wherein the flux source comprises a transmitter 
winding that includes one or more current loops of alternating sense disposed 
along the pathway, each current loop generating magnetic flux. 

3. A system according to claim 2, wherein the transmitter winding forms at least a 
part of a stator motor winding of a linear motor. 

4. A system according to claim 2, wherein the transmitter winding is disposed in 
proximity to a stator motor winding of a linear motor. 

5. A system according to claim 4, wherein at least one of the transmitter winding and 
the first sensing winding has a period that is a multiple of a period of the stator 
motor winding. 

6. The system of claim 1, wherein the flux source is disposed along the pathway 
proximate to the first sensing winding. 

7. The system of claim 1, wherein the flux source defines the pathway. 

8. The system of claim 6, wherein the coupling element is arranged for movement 
with an object, such that the position signal varies with a position of the object 
along the pathway. 


9. 


The system of claim 1, comprising 
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a second sensing winding, the second sensing winding comprising a plurality of 
inductive loops of alternating sense disposed along the pathway, 

the coup ling element being configured to couple energy from the flux source to 
the second sensing winding to induce therein a position signal that varies with a 
position of the coupling element along the pathway* 

10. The system of claim 9, wherein the inductive bops of the first sensing winding 
are offset from the inductive loops of the second sensing winding with respect to a 
direction of the pathway. 

11. The system of claim 9, wherein 

the inductive loops of the first sensing winding are periodically spaced along the 
pathway, 

the inductive loops of the second sensing winding are periodically spaced along 
the pathway, and 

the inductive loops of the first sensing winding are offset in phase from the 
inductive loops of the second sensing winding with respect to a direction of 
motion along the pathway. 

12. . The system of claim 11, wherein the offset is substantially equal to +/• 180%, for 

even values of n, and is substantially equal to +/- 360°/n, for odd values of n, 
where n is a number of sensing windings. 

13. The system of claim 9, wherein the coupling element is arranged for movement 
with an object, such that a position of the object along the pathway is 
determinable from the position signals induced in the first and second sensing 
windings. 
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14. The system of claim 13, wherein a position of the object along the pathway is 
determinable from a ratio of the position signals induced in the first and second 
sensing windings. 

15. A pathway system for a carriage, the system comprising 

a magnetic flux source, the flux source comprising one or more current loops that 
generate magnetic flux, 

at least a first sensing winding, the first sensing winding comprising a plurality of 
inductive loops of alternating sense disposed along the pathway, and 

a transducer assembly coupled to the carriage, the transducer assembly 
comprising a resonant current loop positioned to couple energy from the flux 
source to the first sensing winding to induce therein a position signal that varies 
with a position of the coupling element along the pathway. 

16. The pathway system of claim 15, wherein the resonant current loop generates a 
power signal for use with respect to the carriage. 

17. The pathway system of claim 16, wherein a tuning of the resonant current loop is 
varied in order to impose a further signal on the position- indicating signals 
induced in the first sensing winding and any other sensing windings that may 
exist 

18. The pathway system according to claim 16, wherein the further signal identifies 
the carriage. 

19. A system for determining a position of a carriage along a pathway, the system 
comprising 

a magnetic flux source, the flux source comprising one or more current loops that 
generate magnetic flux, 
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at least a first sensing winding, the first sensing winding comprising a plurality of 
inductive loops of alternating sense disposed along the pathway, and 

a coupling element arranged for movement with the carriage, the coupling 
element configured to couple energy from the flux source to the first sensing 
winding to induce therein a position signal that varies with a position of the 
coupling element along the pathway. 

20. The system of claim 19, wherein the coupling element comprises one or more of a 
conductive material, paramagnetic material, a ferromagnetic material, and a 
resonant loop. 

21. The system of claim 20, wherein the coupling element has a dimension relative to 
a direction of the pathway less than twice a dimension of the inductive loops 
relative to that direction. 

22. The system of claim 21, wherein the coupling element has a dimension relative to 
a direction of the pathway substantially equal to a dimension of the inductive 
loops relative to that direction. 

23. The system of claim 19, comprising 

a second sensing winding, the second sensing winding comprising a plurality of 
inductive loops of alternating sense disposed along the pathway, 

the coupling element being configured to couple energy from the flux source to 
the second sensing winding to induce therein a position signal that varies with a 
position of the coupling element along the pathway. 

24. The system of claim 23, wherein 

the inductive loops of the first sensing winding are periodically spaced along the 
pathway, 
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the inductive loops of the second sensing winding are periodically spaced along 
the pathway, and 


the inductive loops of the first sensing winding are offset in phase from the 
inductive loops of the second sensing winding with respect to a direction of 
motion along the pathway, the offset being substantially equal to +/- 180°/n, for 
even values of n, and is substantially equal to +/- 360%, for odd values of n, 
where n is a number of sensing windings. 

25. The system of claim 19, wherein the flux source comprises a transmitter winding, 
the transmitter winding comprising a plurality of current loops of alternating sense 
disposed along the pathway, each current loop generating magnetic flux. 

26. A system for determining position along a pathway, the system comprising 

a transmitter winding disposed along and defining a field along the pathway, 

a first sensing winding arranged along the pathway in a plurality of inductive 
loops of alternating sense, 

the first sensing winding being positioned such that movement of a coupling 
element along the pathway couples energy from the transmitter winding to the 
first sensing winding to induce therein a position signal that varies with a position 
of the coupling element along the pathway. 

27. The system of claim 26, wherein the transmitter winding defines a plurality of 
flux regions of alternating polarity disposed along the pathway. 

28. The system of claim 27, wherein 

the inductive loops of the first sensing winding are periodically spaced along the 
pathway, 

the flux regions are periodically spaced along the pathway, and 
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the inductive loops of die first sensing winding are aligned with respect to the flux 
regions of the pathway. 

29. The system of claim 28, wherein a period of the inductive loops is an integer 
multiple of a period of the flux regions. 

30. The system of claim 28, wherein a period of the flux regions is a multiple of a 
period of the inductive loops. 

31. A system for determining position of a carriage along a pathway, the system 
comprising 

a transmitter winding comprising a plurality of current loops of alternating sense 
disposed along the pathway, each current loop generating magnetic flux, 

a first sensing winding arranged along the pathway in a plurality of inductive 
loops of alternating sense, 

a second sensing winding, the second sensing winding comprising a plurality of 
inductive loops of alternating sense disposed along the pathway, 

a coupling element that is arranged for movement with the carriage, 

the first and second sensing windings being positioned in relation to the flux 
source and the pathway such that movement of the coupling element along the 
pathway couples energy between the flux source and the first and second sensing 
windings to induce therein position signals that varies with a position of the 
carriage along the pathway. 


32. 


The system of claim 31, wherein 
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the inductive loops of the first and second sensing windings are periodically 
spaced along the pathway, yet, are offset in phase from one another with respect 
to a direction of motion along the pathway, 

the current loops of the transmitter winding are periodically spaced along the 
pathway, and 

the inductive loops of the first and second sensing winding are aligned with 
respect to the current loops of the transmitter winding along a direction of motion 
along the pathway. 

33. The system of claim 32, wherein a period of the inductive loops is an integer 
multiple of a period of the current loops. 

34. The system of claim 32, wherein a period of the current loops is an integer 
multiple of a period of the inductive loops. 

35. The system of claim 3 1 , wherein a position of the carriage along the pathway is 
determinable from a ratio of the position signals induced in the first and second 
sensing windings. 

36. A method for determining position along a pathway, wherein the method 
comprises the steps of 

providing a flux source, 

providing a sensing winding disposed along the pathway in a plurality of 
inductive loops of alternating sense, 

wherein the step of providing the sensing winding includes positioning the 
winding such that movement of a coupling element along the pathway couples 
energy between the flux source and the sensing winding to produce a position 
signal in the sensing winding. 
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37. A method for detennining position of a carriage or the like moving along a 
pathway in a system having a current winding fixedly extending along the 
pathway that constitutes a linear motor for operatively driving the carriage along 
the pathway, such method comprising the steps of 

providing at least one sensing winding arranged proximate to the pathway, the 
winding including multiple loops with each loop having a spatial period and being 
disposed along the pathway with alternating sense 

operating the current winding as a transmitter to transmit electrons 
and 

mounting a transducer on the carriage to passively receive the energy in a 
resonant current loop, the transducer being positioned to induce a signal in the 
sensing winding as the transducer moves along the pathway such that the induced 
signal in the winding indicates transducer position. 

38. A method for signaling position of a carriage or the like moving along a pathway 
in a system having a current winding extending along the pathway that 
constitutes a linear motor for operatively driving the carriage along the pathway, 
such method comprising the steps of 

providing a plurality of sensing windings proximate to the pathway, each sensing 
winding having a period and being offset along the pathway 

operating the current winding to generate magnetic flux, and 

mounting a transducer on the carriage to passively receive the flux in a resonant 
current loop, the loop being positioned to induce position- indicating signals in the 
sensing windings as the carriage carries the transducer along the pathway. 

39. A pathway system for determining position of a carriage, vehicle or the like 
(collectively, "carriage") moving along a pathway, the system comprising 
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a coil assembly configured for extending along and being securable against 
movement with respect to a pathway, 

wherein the coil assenobly includes a transmitter winding, a first sensing winding 
and a second sensing winding, the first and second sensing windings being 
spatially periodic and out of phase with respect to each other, 

the transmitter winding being disposed for electromagnetic coupling of flux 
generated thereby to the first and to the second sensing windings, such that motion 
of a coupling element carried by a carriage on the pathway varies inductive 
coupling between the transmitter winding and the first and second sensing 
windings so as to passively generate therein signals that vary with a position of 
the carriage along the pathway. 

40. The pathway based system of claim 39, wherein the first and second sensing 
windings have the same spatial period, yet, are offset in phase with respect to a 
direction of motion of the carriage along the pathway. 

41 . The system of claim 40, wherein the transmitter winding has a period that in a 
multiple of periods of the first and second sensing windings with respect to a 
direction of motion of the carriage along the pathway.. 

42. The system of claim 39 or 40 wherein the first and second sensing windings have 
periods that are integer multiples of a period of the transmitter winding with 
respect to a direction of motion of the carriage along the pathway. 

43. A pathway system for determining position of a carriage traveling along a 
pathway, the system comprising 

a coil assembly including first and second sensing windings proximate to each 
other, each sensing winding having an identical spatial period and being 
repetitively disposed along the pathway, 
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a transmitter winding extending along the pathway for generating a field along die 
pathway, and 


a transducer assembly coupled to the carriage, the transducer assembly 
comprising a resonant current loop 

positioned to induce position- indicating signals in the first and second sensing 
windings that vary with a position of the carriage along the pathway. 

44. The pathway system of claim 43, wherein the resonant current loop generates a 
power signal for use with respect to the carriage* 

45. The pathway system of claim 43, wherein a tuning of the resonant current loop is 
varied, modulating the position- indicating signals induced in the first and second 
sensing windings. 

46. The pathway system according to claim 45, wherein the further signal identifies 
the carriage. 

47. The pathway system of claim 43, wherein the resonant current loop is 
lithographically formed on a circuit board. 

48. A system for determining position of a carriage, vehicle or the like moving along 
a pathway, wherein the system comprises 

a coil assembly extending along and being securable against movement with 
respect to the pathway, wherein the coil assembly includes a current winding that 
constitutes a linear motor for operatively driving a carriage along the pathway 

a first and a second sensing winding being periodic and out of phase with respect 
to each other, the sensing windings disposed for electromagnetic signal coupling 
from the current winding to die sensing windings 

such that passage of a coupling element over the coil assembly varies the 
electromagnetic signal coupling so as to generate signals in the first and second 
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windings that vary with position of the coupling element to indicate position along 
the pathway. 


49. The pathway system of claim 48, further comprising a coupling element adapted 
for moving with a carriage along the sensing windings so that as the carriage 
moves signals coupled to the sensing windings indicate position of the carriage. 

50. A system fcr determining position of a carriage or the like moving along a 
pathway, wherein the system comprises 

a coil assembly extending along and being securable against movement with 
respect to the pathway, wherein the coil assembly includes a current winding that 
constitutes a linear motor for operatively driving a carriage along the pathway 

first and second sensing windings proximate to each other, each sensing winding 
having an identical spatial period and being repetitively disposed along the 
pathway, 

a transducer assembly configured for mounting on the carriage to passively 
receive energy from the current winding in a resonant current loop, the loop being 
positioned to induce position- indicating signals in the first and second sensing 
windings as the carriage carries the transducer along the pathway, thereby 
passively providing an electrical signal indicative of position. 

51. A method for determining position of a carriage, vehicle or the like moving along 
a pathway, such method comprising the steps of 

providing a coil assembly configured for extending along and being securable 
against movement with respect to the pathway 

wherein the step of providing the coil assembly includes providing a transmitter 
winding, a first sensing winding and a second sensing winding, the transmitter 
winding being disposed for electromagnetic coupling of a signal therein to the 
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first and to the second sensing windings, the first and second sensing windings 
being periodic and out of phase with respect to each other 

mounting a coupling assembly to a carriage positioned such that as the carriage 
moves along the pathway, the coupling assembly varies coupling from the 
transmitter winding to the first and second sensing windings so as to passively 
generate signals in the first and second windings that indicate position of the 
carriage along the pathway without requiring an active power source on the 
carriage. 

52. A method for determining position of a carriage or the like moving along a 
pathway in a system having a current winding fixedly extending along the 
pathway that constitutes a linear motor for operatively driving the carriage along 
the pathway, such method comprising the steps of 

providing a first and a second sensing winding proximate to each other, each 
sensing winding having an identical spatial period and being repetitively disposed 
along the pathway 

operating the current winding to generate flux, and 

mounting a transducer on the carriage to passively receive the flux in a resonant 
current loop, the loop being positioned to induce phased position- indicating 
signals in the first and second sensing windings as the carriage carries the 
transducer along the pathway thereby passively providing an electrical signal 
indicative of carriage position. 


-27- 


WO 01/71684 


in 


PCT/US01/08140 


TOP VIEW 



4 Sense Winding Q 




I 


Active Transmitter Winding Tx 




Sense WincfingD 


=jzzzrznzrzi 


Figure 1 


WO 01/71684 PCT/USOl/08140 

2/7 


SIDE VIEW 


Case A 


Case B 



,r\c\r\ 


MOW T MOE X Mr 1 JO* u JffM 4 JO * 1 TOE* T TOE 


Actifa \Mnding 
Sansa Winging I 


AAAAHfiTAA 

Case C It Si ¥j M 4 A 55 j A ffi i# 55 TT fcl Ti & 1 J ffi A 


Sense Winding 
A rti rewinding 


Sao— Wlndng 


3 


Case D 


ixorTzoEx iftKrioEic&m aeol j com r toe 
noiiHiiiOi« ■ mowm mm iiciabb 


Sanaa Winning 
adiire Winding 


Santa Winolng 


t 


Figure 2 


WO 01/71684 


3/7 


PCT/US01/08140 



Sense D 


Sense Q 


Transmit 



Figure 3 


Figure 4. 


WO 01/71684 PCT/US01/08140 

4/7 


TOP VIEW 

Active Transmitter Winding D 

Sense Winding O 

=rrzzzr 

Active Transmitter Winding Q 
Sense Winding Q 

Location for minimum coupling for phase Q 
Location for maximum coupling for phase 0 


Location for maximum coupling for phase Q 
Location for minimum couplng for phase D 




Figure 5. 


WO 01/71684 


5/7 


PCT/US01/0814© 


Active transmitter winding 



Sense winding D 


S ense winding Q 



Transducer inposition for maximum coupling to D, minimum to Q 

c 



tune 



r 


tune 


Transducer inposition for miximum coupling to Q^mimnp mtt^ D 



25 


tune 



tune 1 


Figure 6. 


WO 01/71684 


6/7 


PCT/US01/08140 


20 
1 

Figure 7. 


'i ! 

~T~^tune ^ 


=^2 V dc 



'm 



Figure 9. 


WO 01/71684 PCT/US01/08140 

7/7 


20 


30 31 


21 


Figure 10. 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US01/08140 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :G08B 1/01 

US CL • 340/933 941 988 989- 180/167-169*3 1S7580 587*701/23 
According to International Patent Classification (IPC) or to both national classification and IPC 

& FIELDS SEARCHED 

Minimum Hfwtiment&tion searched {classification BVStem fnllnuml Kv clmaificjitinn ovmKnla^ 

U.S. : 340/933,941,988,989; 180/167-169; 318/580^87; 701/23 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (i 

iame of data base and, where practicable, search terms used) 

C DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

x 

US 5,708,427 A (BUSH) 13 JANUARY 1998 
SEE COLUMNS 9 AND 10 

1-14 

Y 



15-52 

Y,P 

US 6,137,424 A (COHEN ET AL.) 24 OCTOBER 2000 
SEE ABSTRACT 

1-50 

Y,P 

US 6,100,821 A (TANJI ET AL.) 08 AUGUST 2000 
SEE ABSTRACT 

1-50 

A 

US 5,757,288 A (DIXON ET AL.) 26 MAY 1998 
SEE ABSTRACT 

1-50 

A 

US 5,906,647 A (ZYBURT ET AL.) 25 MAY 1999 
SEE ABSTRACT 

1-50 

fx) Further documents are listed in the continuation of Box C. See patent family annex. 

• Special categories of cited document* 

*A* document defining the general Hale of the art which ts not coniidered 
to be of particular reference 

"E" earlier document published on or after die international filing dale 

*L° document which may throw doubts on priority cbtm(s) or which it 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 

*P* document published prior to tbe interostionsj filing date but later than 
the priority date cleaned 

•T* la tor document published after the intimations] filing date or priority 
data and not in conflict with the application but cited to understand 
the principle or theory underlying the iutnliun 

"X" document of particular relevance; die claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

*Y* document of particular relevance; the claimed invention cannot be 
considered to mvohra an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

■A" document mem bar of the same patent family 

Date of the actual completion of the international search 
14 JUNE 2001 

Date of mailing of the j^^Q^^^^jp^ 

Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 

Aumori/e^fftccr^ 

dXvetta w. goins 

Telephone No. 703-306-2761 


Form PCT/ISA/210 (second sheet) (July 1998)* 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US01/08140 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* 

Citation of document, with indication, where appropriate, of the relevant passages 

Relevant to claim No. 

A 

US 6,064,301 A (TAKAHASHI ET AL.) 16 MAY 2000 
SEE ABSTRACT 

1-50 


Form PCT/ISA/210 (continuation of second sheet) (luly 1998)* 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 


Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are noUimited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'FADED TEXT OR DRAWING 


□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


BEST AVAILABLE IMAGES 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 


